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Summary

Cerebral blood volume (CBV) can be meas-
ured using a C-arm flat detector angiographic 
system. The present report describes a case in 
which cerebral hyperperfusion was detected 
with the Neuro parenchymal blood volume 
(PBV) system (syngo Neuro PBV IR, Siemens 
Medical Solutions, Erlangen, Germany) during 
carotid artery stenting (CAS). An 89-year-old 
man was referred to our hospital for cerebral 
brain infarction and severe stenosis of the left 
carotid artery. CAS was performed, and Neuro 
PBV was used to measure CBV both during 
and after the procedure. Postoperative Neuro 
PBV revealed dramatically increased CBV, and 
a hyperperfusion state was suspected. The next 
day, subarachnoid hemorrhage along the sulcus 
of the left hemisphere was revealed on comput-
ed tomography. Strict management of blood 
pressure was instituted just after the detection of 
hyperperfusion, and the patient was ultimately 
discharged from the hospital without any new 
neurological deficits. Neuro PBV has the ad-
vantage that it can be performed in the angiog-
raphy suite and does not require patient trans-
fer to an alternate setting. Therefore, intracrani-
al hemodynamic changes can be detected dur-
ing the procedure. We conclude that the Neuro 

PBV system is useful for monitoring intracra-
nial hemodynamics during endovascular proce-
dures.

Introduction

Neuroimaging plays a critical role in identify-
ing which patients with acute ischemic stroke 
might benefit from early surgical intervention. 
While computed tomography (CT), magnetic 
resonance (MR) imaging, single photon emis-
sion computed tomography (SPECT), and posi-
tron emission tomography (PET) have all been 
used to evaluate the hemodynamic state of the 
brain, recent studies have described the use of a 
C-arm flat detector angiographic system (Neuro 
parenchymal blood volume [PBV]) to measure 
cerebral blood volume 1-4. Neuro PBV measure-
ments can be performed in the angiography 
suite and do not require patient transfer to an 
alternate setting, which offers significant advan-
tages in the management of patients with acute 
ischemic stroke. Furthermore, Neuro PBV can 
be used during endovascular treatment to mon-
itor intracranial hemodynamics. The present re-
port describes a case in which Neuro PBV was 
used to detect hyperperfusion immediately af-
ter carotid artery stenting (CAS).
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removing the catheter, the hole in the carotid 
artery was sutured with CV-7 (W.L. Gore & 
Associates, Flagstaff, AZ, USA). Finally, Neuro 
PBV measurements were performed.

Evaluation by preoperative Neuro PBV re-
vealed an obvious decrease in CBV in the left 
hemisphere, and it was thus speculated that 
cerebral autoregulation had failed (Figure 
2C,D), although preoperative SPECT revealed 
slightly decreased CBF in the left cerebral 
hemisphere. Postoperative Neuro PBV showed 
dramatically increased CBV in the left hemi-
sphere, partially more than the normal right 
hemisphere (Figure 2E,F). The risk of hyper-
perfusion was thought to be high. Therefore, 
heparinization was immediately neutralized, 
and systolic arterial blood pressure was kept 
strictly under 120 mmHg. No changes were ob-
served in neurological status after CAS, but the 
next day CT revealed subarachnoid hemor-
rhage (SAH) in the left hemisphere (Figure 
3A,B). SPECT revealed increased CBF in the 
left cerebral hemisphere (Figure 3C). Strict 
control of blood pressure was maintained, and 
follow-up CT did not reveal any enlargement 
of SAH. SPECT performed two weeks after 
the operation showed resolution of hyperper-
fusion in the left hemisphere. The patient was 
ultimately discharged from the hospital with-
out any new neurological deficits. Follow-up 
MR angiography clearly depicted the left inter-
nal carotid artery (Figure 3D).

Discussion

Neuro PBV measures CBV by characteriz-
ing the difference in contrast agent distribution 
in brain tissue 3. Ahmed et al 1. and Bley et al 2. 
reported that CBV measured by Neuro PBV 
exhibited a good correlation with that meas-
ured by CT perfusion. Neuro PBV can measure 
CBV without the need to transfer patients from 
the angiography suite to another setting, which 
represents a significant advantage when man-
aging patients with acute ischemic stroke or 
those in the perioperative term of the revascu-
larization.

Neuro PBV data are acquired by injecting 
the contrast medium into a peripheral vein in 
the same manner as that used for CT perfusion 
studies. Itokawa et al. 3 described conducting 
measurements with Neuro PBV after injecting 
the contrast medium from the ascending aorta 
with cerebral angiography. Their method was as 

Case Report

An 89-year-old man with a history of atrial 
fibrillation, cardiogenic cerebral infarction, 
chronic respiratory disease and stenting for 
thoracic aortic aneurysm was referred to our 
hospital for management of severe stenosis of 
the left carotid artery, detected by carotid ultra-
sound after the patient developed transient 
right hemiparesis and loss of consciousness. On 
admission, no neurological deficits were pre-
sent. Diffusion-weighted images (DWI) showed 
a small fresh infarction in the left precentral 
gyrus, but the left internal carotid artery was 
not visualized clearly on MR angiography (Fig-
ure 1A,B). CT angiography revealed that the 
left internal carotid artery was nearly occluded 
(Figure 1C). SPECT revealed that cerebral 
blood flow (CBF) was slightly decreased in the 
left cerebral hemisphere when compared with 
the cerebellum, but not decreased when com-
pared with the right hemisphere at rest (Figure 
1D).

We selected endovascular treatment rather 
than surgical treatment (carotid endarterecto-
my) based on the patient’s age and the pres-
ence of cardiac and respiratory dysfunction. 
One month after onset of the infarction, due to 
the presence of a stent in the thoracic aortic an-
eurysm, right CAS was performed by direct 
puncture of the left carotid artery. At first, a 
4-Fr catheter was inserted into the ascending 
aorta by transradial catheterization, and Neuro 
PBV measurements were performed. Then, the 
catheter was guided to the origin of the left 
common carotid artery (CCA) to prepare for 
intraoperative angiography. Angiography re-
vealed that the left internal carotid artery was 
nearly occluded (Figure 2A). A transverse skin 
incision was placed in the left neck, and the 
CCA was exposed. After catheterization with a 
6-Fr sheath, the proximal side of the CCA was 
clamped using Bulldog forceps. A distal protec-
tion balloon (PercuSurge GuardWireTM sys-
tem, Medronic AVE, Santa Rosa, CA, USA) 
was carefully advanced across the stenosis and 
dilated to 5 mm. Under distal protection, pre-
dilation was performed with a 3.5×20 mm bal-
loon (Sterling, Boston Scientific, Natick, MA, 
USA). After pre-dilation, a self-expandable 
stent (Precise 10×40 mm, Cordis, Johnson & 
Johnson, Miami, FL, USA) was deployed. After 
aspirating debris, the distal protection balloon 
was deflated. Angiography showed good dilata-
tion of the left carotid artery (Figure 2B). After 
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Figure 1  A,B) Diffusion-weighted image shows a small 
fresh infarction in the left precentral gyrus, and the left in-
ternal carotid artery is not clearly visualized on magnetic 
resonance angiography. C) Computed tomography angiog-
raphy shows that the left internal carotid artery is nearly oc-
cluded. D) Single photon emission computed tomography 
shows that the cerebral blood flow in the left cerebral hemi-
sphere is slightly decreased compared with the cerebellum, 
but not when compared with the right hemisphere at rest.

was threaded into the ascending aorta. The C-
arm was rotated 200° (right anterior oblique 
position 100°-left anterior oblique position 
100°), and the images were taken at a rate of 60 
frames/second for 6.6 seconds during the mask 
run. Then, 50% diluted contrast was adminis-
tered via the catheter at the same position at a 
rate of 4 ml/s for 6.6 seconds, with an additional 
12 seconds (scan delay time) for the second ro-
tation of the C-arm. The PBV map was imme-
diately available after subtraction of the two 
sets of source images.

In this case, cerebral blood flow at rest was 
slightly reduced in SPECT before surgery (Fig-

follows: acquisition time, eight seconds; 70 kV; 
460 mA; 200° total angle; 60 frames/second; and 
397 total frames. A 50% diluted contrast medi-
um (Iomeron 300, Eizai, Tokyo, Japan) was 
used to reduce to the total amount of contrast 
agent. The distribution of contrast agent is re-
quired to be constant throughout the intracra-
nial tissue at the time of imaging. Therefore, 
scan delay time was determined as the time 
from injection of the contrast medium to the 
visualized time of confluence of the sinuses. 
Following their method, we performed CBV 
measurements using biplane angiography for 
digital subtraction angiography. A 4-Fr catheter 
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mediately (Figure 2E,F). Therefore, we neutral-
ized the heparinization and instituted strict 
management of blood pressure just after the 
diagnosis. As a result, the patient was ultimate-
ly able to be discharged from the hospital with-
out neurological deficit.

Cerebral hyperperfusion is defined as a ma-
jor increase in ipsilateral CBF above the meta-
bolic demands of the brain tissue following the 
repair of carotid artery stenosis 6-8. Cerebral hy-
perperfusion syndrome (CHS) is characterized 
by unilateral headache, face and eye pain, sei-
zure and focal symptoms due to intracranial 
hemorrhage (ICH), SAH, or cerebral edema 

ure 1D). Therefore, we considered that the pa-
tient’s preoperative state corresponded to Pow-
er’s stage 0 or 1.5). However, Neuro PBV 
showed severely decreased CBV in the left cer-
ebral hemisphere just before the procedure. It 
was speculated that cerebral autoregulation 
had failed, and that the patient’s hemodynamic 
state was worse than his preoperative status 
(Figure 2C,D) 5. Therefore, we could assume 
the possibility of hyperperfusion just before the 
procedure. Furthermore, postoperative CBV 
measured by Neuro PBV was markedly in-
creased in the left cerebral hemisphere, and the 
possibility of hyperperfusion was detected im-
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Figure 2  A) Preoperative angiography shows that the left internal carotid artery is nearly occluded. B) After carotid artery 
stenting, angiography shows good patency of the left carotid artery. C,D) Evaluation by preoperative Neuro parenchymal 
blood volume (PBV) reveals an obvious decrease in cerebral blood volume (CBV) in the left hemisphere. E,F) Postoperative 
Neuro PBV showed dramatically increased CBV in the left hemisphere, partially more than normal right hemisphere.
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Figure 3  A,B) Computed tomography shows subarachnoid 
hemorrhage along the sulcus of the left hemisphere the day after 
carotid artery stenting. C) Single photon emission tomography 
shows increased cerebral blood flow in the left cerebral hemi-
sphere. D) Follow-up MR angiography clearly shows the left 
internal carotid artery.

D
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phy suite, thereby providing valuable informa-
tion to guide the management of hyperperfu-
sion states during endovascular treatment.

As mentioned above, CHS is detected via 
measurement of CBF. Although, the currently 
available flat detector CT lacks the temporal 
resolution to assess CBF or mean transit time, 
it is able to provide spatial resolution and con-
trast sensitivity that should be adequate for 
measuring levels of blood in the brain paren-
chyma 1. Therefore, CHS cannot be precisely 
defined via Neuro PBV. However, in this case, a 
marked change in CBV was seen when com-
paring preoperative and postoperative Neuro 
PBV values. Therefore, we could speculate that 
CHS had developed just after CAS, and we 
quickly instituted management for CHS.

Conclusions

Measurements of CBV by Neuro PBV dur-
ing CAS can be helpful in predicting and pre-
venting CHS. While we conclude that Neuro 
PBV is useful for the monitoring of intracranial 
hemodynamics during endovascular proce-
dures, further investigation is required to estab-
lish the utility of Neuro PBV. 

related to hyperperfusion 7. CHS was originally 
reported by Sundt8 in connection with carotid 
endarterectomy, and has also been noted to oc-
cur after CAS 9-19. ICH caused by hyperperfu-
sion is associated with high mortality and mor-
bidity rates 6,7,9,11,16,18,19. Ogasawara et al. 6 report-
ed that the incidence of hyperperfusion syn-
drome and ICH were 0.5-2.2% and 0.6%, re-
spectively after CEA, and 1.1% and 0.7%, re-
spectively after CAS. Shindo et al. 7 also dem-
onstrated incidences of hyperperfusion syn-
drome and ICH of 0.6-3.1% and 0.3-1.2%, re-
spectively following CEA, and 1.1%-6.8% and 
0.67-4.5%, respectively following CAS. Ogasa-
wara et al. 6 reported that CHS occurred signifi-
cantly sooner after CAS than after CEA. The 
onset of CHS peaked on the sixth postopera-
tive day in patients who had undergone CEA 
and within 12 hours after surgery in those who 
had undergone CAS. Therefore, it is important 
to detect the hyperperfusion state as soon as 
possible after CAS in order to prevent hyper-
perfusion syndrome. Evaluation by SPECT or 
PET is the gold standard for assessment of 
CBF. However, these modalities are expensive 
and require special equipment and facilities. 
Neuro PBV is considered a useful method to 
detect hemodynamic changes in the angiogra-
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